A taxonomic study was carried out on strain R12B T , which was isolated from surface seawater of the Atlantic Ocean. The bacterium was observed to be rod-shaped, Gram-stain-negative, oxidase-positive and weakly positive for catalase. Growth was observed at salinities of 0.5-15 % and at temperatures of 4-45 8C. 
During an investigation of bacterial diversity in the Atlantic Ocean, strain R12B
T was isolated and characterized taxonomically along with many other bacterial isolates. Comparative 16S rRNA gene sequences analysis indicated that strain R12B
T belonged to the genus Roseovarius. The genus Roseovarius was first proposed by Labrenz et al. (1999) . The type species for the genus is Roseovarius tolerans. Members of the genus Roseovarius are all Gram-strainnegative, rod-shaped and strictly aerobic, with smooth, convex and variously coloured colonies. The dominant fatty acid is C 18 : 1 , and the major respiratory quinone is Q-10. At the time of writing, the genus Roseovarius contains 14 species with validly published names. These species were obtained from various sources: Roseovarius tolerans was obtained from Ekho Lake (Labrenz et al., 1999) ; Roseovarius aestuarii (Yoon et al., 2008) , Roseovarius marisflavi (Li et al., 2013) and Roseovarius gaetbuli (Park et al., 2014b) were isolated from the Yellow Sea; Roseovarius albus (Lucena et al., 2014) , Roseovarius azorensis (Rajasabapathy et al., 2014) , Roseovarius halotolerans (Oh et al., 2009) , Roseovarius indicus (Lai et al., 2011) , Roseovarius nubinhibens (González et al., 2003) and Roseovarius litoreus (Jung et al., 2012) were all isolated from seawater; Roseovarius mucosus originated from a culture of dinoflagellate Abbreviations: ANI, average nucleotide identity; DDH, DNA-DNA hybridization; DPG, diphosphatidylglycerol; PC, phosphatidylcholine; PE, phosphatidylethanolamine; PG, phosphatidylglycerol.
The GenBank/EMBL/DDBJ accession number for the 16S rRNA gene sequence of strain R12B
T is KR095198. The GenBank/EMBL/DDBJ accession numbers for the draft genome sequences of strain R12B
T and Roseovarius indicus B108 T are LAXJ00000000 and LAXI00000000, respectively. (Biebl et al., 2005) ; Roseovarius nanhaiticus was isolated from a sandy sediment sample from the South China Sea (Wang et al., 2010) ; Roseovarius pacificus was isolated from deep-sea sediment of the Western Pacific Ocean (Wang et al., 2009) ; and Roseovarius lutimaris was isolated from a marine tidal flat (Choi et al., 2013) . In addition, three species (Roseovarius crassostreae, Roseovarius halocynthiae and Roseovarius sediminilitoris) of the genus Roseovarius have recently been reclassified into the genus Aliiroseovarius (Park et al., 2015) , and the species Roseovarius marinus has been reclassified as 'Pacificibacter marinus' (Park et al., 2014a) . The aim of the present work was to determine the exact taxonomic position of strain R12B T by using a polyphasic approach.
Surface seawater was sampled in 2011 during cruise DY-115A of the South Atlantic Ocean on the R/V 'Da-Yang Yi-Hao'. The sampling site was numbered 26III-S024-CTD06 (15.28 S 13.38 W). The surface seawater was diluted and spread on marine agar 2216 medium (BD Difco). After 1 week of aerobic incubation at 25 8C, the colonies were picked. Purity was confirmed by the uniformity of cell morphology after repeated streaking. For morphological and biochemical characterization, strain R12B
T was cultivated on marine agar 2216 medium (BD Difco) unless otherwise indicated.
Genomic DNA was extracted according to a previously described method (Ausubel et al., 2002) , and the 16S rRNA gene was amplified by PCR using primers described previously (Liu & Shao, 2005) . Sequence similarity was determined using the EzTaxon-e server (Kim et al., 2012) . Phylogenetic analysis was performed using MEGA software version 5.0 (Tamura et al., 2011) with distance options according to Kimura's two-parameter model and clustering with the neighbour-joining (Saitou & Nei, 1987) , maximum-likelihood (Felsenstein, 1981) and minimum evolution (Rzhetsky & Nei, 1992) T . A phylogenetic tree was reconstructed based on the 16S rRNA gene sequences of all 14 species of the genus Roseovarius and showed that strain R12B T formed a clade with R. indicus B108 T within the genus Roseovarius (Fig. 1 ). This topology was confirmed by maximum-likelihood and minimum evolution trees (Figs S1 and S2, available in the online Supplementary Material). This indicated that strain R12B T belonged to the genus Roseovarius.
The draft genome sequences of strain R12B
T and R. indicus B108 T were determined by Shanghai Majorbio Bio-pharm Technology (Shanghai, China), using Solexa paired-end (500 bp library) sequencing technology. A total of 500 Mbp clean data for each strain was generated to reach about 100-fold depth of coverage with an Illumina/Solexa Genome Analyser IIx (Illumina). The clean data were assembled by SOAPdenovo2 (Luo et al., 2012) . The GenBank accession numbers for the draft genome sequences of strain R12B
T and R. indicus B108 T are LAXJ00000000 and LAXI00000000, respectively. The G+C content of the chromosomal DNA was determined according to draft genome sequence. The chromosomal DNA G+C content of strain R12B T was 63.6 mol%, which was similar to recognized species of the genus Roseovarius (Table 1 ).
The average nucleotide identity (ANI) between the two genomes was calculated using the algorithm of Goris et al. (2007) by the web service of EZGenome. The ANI value between strain R12B T and R. indicus B108 T was 77.1 %. This value was below standard ANI criteria for species identity (95-96 %) (Richter & Rosselló -Mó ra, 2009 ). DNA-DNA hybridization (DDH) estimate values between strain R12B T and R. indicus B108 T was analysed using the genome-to-genome distance calculator (GGDC2.0) (Auch et al., 2010a, b; Meier-Kolthoff et al., 2013) . The DDH estimate value between strain R12B T and R. indicus B108 T was 23.2¡2.4 %, which was below the standard criteria (70 %) (Wayne et al., 1987) . These results confirmed that strain R12B
T was a novel species of the genus Roseovarius. Additionally, the genetic potential for anoxygenic phototrophy was determined according to the draft genome sequence. The photosynthetic reaction centre gene ( pufLM) was present in strain R12B T , which 100 Roseovarius marisflavi H50 T (KC900366)
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previously (Shieh et al., 2003) . Tolerance to NaCl was tested using Luria-Bertani medium (Sambrook et al., 1989) supplemented with a NaCl concentration of 0, 0.5, 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 12, 15, 18 or 20 % (w/v) . API 20NE, API 20E and API ZYM tests (bioMérieux) were carried out according to the manufacturer's instructions, with the single modification of adjusting the NaCl concentration to be 3.0 % in all tests. These results are given in the species description and Table 1 . R. indicus B108 T (obtained from our own lab) was tested at the same time as a reference strain. Strain R12B
T was observed to be Gram-stainnegative, non-spore-forming, rod-shaped, non-flagellated and non-motile (Fig. S3) . In antibiotic susceptibility tests, strain R12B
T was sensitive to [mg per disc(Oxoid)]: ampicillin (10), chloromycetin (30), carbenicillin (100), cephradin (30), cefobid (30), ciprofloxacin (5), gentamicin (10), rocephin (30), kanamycin (30), cefazolin (30), norfloxacin (10), ofloxacin (5), penicillin G (10), piperacillin (100), rifampicin (5), streptomycin (10) and vancomycin (30). Strain R12B
T was resistant to vibramycin (30), erythromycin (15), minomycin (30), metronidazole (5), lincomycin (2), oxacillin (1), co-trimoxazole (25), tetracycline (30), furazolidone (15) and neomycin (10). Other characteristics are given in the species description.
Fatty acids in whole cells grown on marine agar 2216 medium at 28 8C for 48 h were saponified, methylated and extracted using the standard MIDI (Sherlock Microbial Identification System, version 6.0B) protocol. The fatty acids were analysed by gas chromatography (Agilent Technologies 6850) and identified using the TSBA6.0 database of the Microbial Identification System (Sasser, 1990) . The principal fatty acids of strain R12B
T were summed feature 8 (C 18 : 1 v7c/v6c; 62.3 %) and C 16 : 0 (15.7 %). Minor fatty acids are shown in Table S1 . The fatty acids of R. indicus B108
T were determined at the same time as strain R12B T under the same conditions. Both strains contain summed feature 8 as the major fatty acid (.62 %), but the strains differ by the absence of C 19 : 0 v8c cyclo in strain R12B T and by the percentages of other fatty acids (Table S1 ).
The quinones were extracted and separated by TLC on silica gel, then were further analysed by HPLC (Tindall, 1990a, b) . The respiratory quinone of strain R12B
T was determined to be Q-10. This was consistent with the genus Roseovarius. Polar lipids were extracted using a chloroform/methanol system and analysed using one-and two-dimensional TLC, as described previously (Kates, 1986) . Merck silica gel 60 F254 aluminium-backed thin-layer plates were used in TLC analysis. The plate dotted with sample was subjected to two-dimensional development, with the first solvent of chloroform/methanol/water (65 : 25 : 4, by vol.) followed by the second solvent of chloroform/methanol/acetic acid/ water (85 : 12 : 15 : 4, by vol.) . Strain R12B
T was found to contain diphosphatidylglycerol (DPG), phosphatidylglycerol (PG), phosphatidylcholine (PC), phosphatidylethanolamine (PE), two aminolipids, two phospholipids and some unidentified lipids (Fig. S4) . PE, PG and PC were also present in other species of genus Roseovarius.
The results of the phylogenetic analysis, phenotypic analysis and chemotaxonomic studies support the view that strain R12B
T should be assigned to the genus Roseovarius. However, the strain could be distinguished from closely related species of the genus Roseovarius by some phenotypic characteristics given in Table 1 . Considering the low DDH value (23.2¡2.4 %) when compared with the closest species, the isolate cannot be assigned to any previously recognized species. Therefore, strain R12B
T represents a novel species of the genus Roseovarius, for which the name Roseovarius atlanticus sp. nov. is proposed.
Description of Roseovarius atlanticus sp. nov.
Roseovarius alanticus (at.lan9ti.cus. L. masc. adj. atlanticus Atlantic, from the Atlantic Ocean).
Cells are Gram-stain-negative, non-motile, rod shaped, and 0.7-0.9 mm in width and 1.2-1.8 mm in length. Positive for oxidase, catalase (weakly) and acetoin production (VogesProskauer). Negative for b-galactosidase, gelatinase, arginine dihydrolase, urease, ornithine decarboxylase, b-glucosidase (aesculin hydrolysis), lysine decarboxylase, tryptophan deaminase, citrate utilization, nitrate reduction, indole production and H2S production. Does not hydrolyse Tweens 20, 40 and 80, starch or dried skimmed milk. On marine agar 2216, colonies are beige, opaque, convex, regular with entire margin and 1.0-2.0 mm in diameter after 2 days at 28 uC. Can grow in 0.5-15 % NaCl (optimum 3-5 %), at 4-45 uC (optimum 25-28 uC) and at pH 4.0-10.0 (optimum pH 7.0). Principal fatty acids are summed feature 8 (C18 : 1v7c/v6c) and C16 : 0. The respiratory quinone is Q-10 (100 %). The polar lipids are DPG, PG, PC, PE, two aminolipids, two phospholipids and some unidentified lipids. API ZYM test strips are positive for alkaline phosphatase, esterase (C4), esterase lipase (C8), leucine aminopeptidase, naphthol-AS-BI-phosphoamidase, and valine aminopeptidase; weakly positive for lipase (C14) and acid phosphatase; and negative for cystine aminopeptidase, trypsin, a-chymotrypsin, a-galactosidase, a-glucosidase, b-galactosidase, b-glucuronidase, b-glucosidase, N-acetyl-bglucosaminidase, a-mannosidase and a-fucosidase. API 20NE tests are negative for utilisation of phenylacetic acid, malic acid, potassium gluconate, D-mannitol, N-acetylglucosamine, adipic acid, capric acid, D-glucose, maltose, D-mannose, L-arabinose and trisodium citrate. In API 20E tests, acid is produced from arabinose, but not from glucose, mannitol, inositol, sorbitol, rhamnose, sucrose, melibiose or amygdalin.
The type strain, R12B
T (5MCCC 1A09786 T 5KCTC 42506 T ), was isolated from surface seawater of the Atlantic Ocean. The G+C content of the chromosomal DNA of the type strain is 63.6 mol%.
